Newborn calves are often deficient in iron and progressive reduction in blood iron concentration occurs over the first weeks of life. Some reports indicate the importance of interactions among iron and components of the insulin-like growth factor system. The aim of the study was to determine if there is a relationship between serum iron and insulin-like growth factor-I concentrations in neonatal calves. Blood samples were collected from 16 female Holstein-Friesian calves on day 10 of age. Erythrogram determination and measurements of serum iron, total protein, albumin, total iron binding capacity and serum insulin-like growth factor-I concentrations were performed. Haematological values were measured using an automatic analyzer, biochemical properties were determined spectrophotometrically, insulin-like growth factor-I concentration was measured by radioimmunoassay. Calves were divided into 2 groups according to iron concentrations; the first group of iron-deficient calves (n = 8, Fe < 10 μmol/l) and the second group of calves with optimal iron concentration (n = 8, Fe > 18 μmol/l). Blood indicators in all calves from the first group followed a pattern typically observed in anaemic calves. Insulin-like growth factor-I concentrations were significantly (P < 0.01) lower in the first group compared to the second group. However, insulin-like growth factor-I very strongly correlated with iron in calves from the second group compared to iron-deficient calves (r = 0.624; P < 0.01 and r = 0.478; P > 0.05, respectively). Based on our results, iron seems to have an important relationship to secretion of insulin-like growth factor-I in 10-day-old calves. This is the first report about such relationship in this age group of animals.
Iron is an important trace mineral in young animals. Its normal metabolism is necessary to support growth, development, health and good functioning of the organism (Harvey 2008) . According to Mohri et al. (2010) , the amount of iron uptake by calves is not sufficient for normal erythropoiesis during at least the first month of life. It has been outlined that calves showing an iron value lower than 18 µmol/l at, or shortly after birth would be considered to be iron-deficient (Bostedt et al. 1990 ). The most severe consequence of this disorder is iron deficiency anaemia, which is considered to be common in the veal industry but not in calves fed roughage with concentrates and mineral/vitamin supplements (Lindt and Blum 1994 ). However, a significant incidence of anaemia in neonatal calves has been reported by Bostedt et al. (1990) and by Moosavian et al. (2010) .
Insulin-like growth factor-I (IGF-I) is regulated at different levels; however, IGF-I in circulation is mainly produced in the liver (Cordano et al. 2000) . It is mediated through provision of energy, nutrients, minerals and vitamins but likely also through the effects of non-nutritive factors (Guilloteau et al. 2002; Kirovski et al. 2008) . Studies conducted on rodents and humans have revealed an important relationship between iron and the IGF system (specifically IGF-I) (C h o i and K i m 2004; Tr a n et al. 2012). Furthermore, among endocrine changes present in veal calves, some evidence links iron deficiency to decreased plasma IGF-I concentrations (C e p p i and B l u m 1994; B l u m and H a m m o n 1999). Interactions between iron and IGF-I may be also of relevance for the neonatal calf, since calves are usually exposed to subnormal iron concentration during the first month of life. To date, few reports have examined the activity of the GH-IGFs system in iron-deficient veal calves (C e p p i and B l u m 1994; B l u m and H a m m o n 1999).
The aim of the study was to determine whether IGF-I circulating in the blood of 10-dayold calves is influenced by altered iron status.
Materials and Methods
The study was performed at a commercial dairy farm where all calves are blood sampled every 10 days as a routine practice. According to serum iron concentration on day 10 of life, 16 female Holstein-Friesian calves were chosen for the study. The calves were single born after normal lenght of pregnancy and normal parturition. They were kept in a loose housing system on concrete floors bedded with straw. All calves were fed the pooled colostrums: 1.5 kg during the first hours of life then twice daily for the next 48 h (2 kg/calf). Thereafter, the calves were bottle-fed with 2.5 kg of herd milk at 08:00 and 16:00 h. To ensure that all calves received an equal amount of milk, calves with a reduced appetite (n = 2) were, in addition, tube-fed the planned amounts.
Blood samples taken from each calf on day 10 were used for establishing selected haematological and biochemical indicators. Blood was collected by venipuncture (10 ml), allowed to clot, centrifuged at 1800 × g for 10 min, aliquoted into 2-ml microfuge tubes, and frozen at -20 °C; another 2 ml were collected in EDTA. Whole blood samples were analyzed for numbers of red blood cell (RBC), haemoglobin (Hb), haematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) by an automatic veterinary haematology cell counter (Abacus Junior, France). The concentrations of serum iron (Fe), total protein and albumin and total iron binding capacity (TIBC) were measured spectrophotometrically by commercial kits (Human, Germany) using an autoanalyser (Vet Evolution, Italy). Insulin like growth factor-I (IGF-I) concentration was measured with radioimmunoassay (RIA; INEP, Serbia). The concentration of globulin was calculated as the difference between total serum protein and albumin concentrations.
The calves were divided into two equal groups (n = 8) based on the concentration of serum iron on day 10 of life. The calves of the first group (iron-deficient) had Fe < 10 μmol/l, and the calves of the second group (optimal iron concentration) had Fe > 18 μmol/l. The two groups of calves were homogenous for parity of dams and birth weight. Average birth weights of calves were 36.34 ± 2.61 kg (first group) and 36.81 ± 3.57 kg (second group).
Data analyses were performed using STATISTICA version 6. software package (StatSoft, Inc., Tulsa, Ok, USA). Student's t-test was used to evaluate the differences of means between the two groups. Correlation coefficients were computed by Pearson's method. Kolmogorov-Smirnov test for normality and Levene's test for homogeneity of variances were used. The differences were considered significant at P < 0.05.
Results
The results of selected haematological and serum biochemical indicators in relation to Fe concentrations are summarized in Tables 1 and 2 . With the exception of MCH, the differences of individual indicators between groups were significant. The RBC, Hb, HCT, and MCHC were lower (P < 0.001), whereas MCV and TIBC were higher (P < 0.001) in calves from the first group compared to calves from the second group (Table 1) .
Serum concentrations of total protein and globulin were significantly (P < 0.05 and P < 0.001; respectively) reduced in the first group compared to the second group (Table 2) . Serum IGF-I concentrations were significantly higher (P < 0.01) in the second group compared to the first group (Table 2) . Iron concentration showed significant positive correlation with serum IGF-I (r = 0.624, P < 0.01) only in calves from the second group; there was no significant correlation between iron and IGF-I concentrations in the calves from the first group (r = 0.478; P > 0.05). The data for all samples were homogenous (Cv ≤ 30%) and in all cases the data distribution was according to the normal distribution model. Variance was homogenous.
Discussion
The results of our study showed significant iron-related changes for most haematological and biochemical indicators in all calves with serum Fe < 10 µmol/l. Radostits et al. (2000) suggested the threshold value for serum Fe in cattle to be < 10 µmol/l. According to Harvey (2008) , these findings are usually combined with development of severe Fe deficiency, microcytic and hypochromic anaemia. Different iron reserves at birth can be expected to be responsible for differences in haematological indicators and indices of the iron metabolism (Morel 1996) . Although concentrations of total protein were sufficient in both groups, significantly lower concentrations of total protein and globulin were detected in iron-deficient calves. This could be a consequence of the negative impact of iron deficiency on the IgG absorption (Eisa and Elgebaly 2010) .
The relationship of haematology and serum chemistry indicators to IGF-I status was extensively studied in humans and laboratory rodents, and a close interaction between iron and IGF-I was reported by Choi and Kim (2004) and by Tran et al. (2012) . In female adolescents, it is well established that serum IGF-I concentrations decrease gradually as body iron status falls (Choi and Kim 2004) . However, limited data exist for large ruminants, especially calves, during the first weeks of postnatal life. In our study, we used a model of iron deficiency to gain information concerning a possible relationship of serum Fe and IGF-I concentrations in neonatal dairy calves. Calves exposed to iron deficiency Table 1 . Haematological indicators in iron-deficient calves (group 1) in comparison to calves with optimal iron concentration (group 2). RBC -erythrocyte count, Hb -haemoglobin concentration, HCT -haematocrit, MCV -mean corpuscular volume, MCH -mean corpuscular haemoglobin, MCHC -mean corpuscular haemoglobin concentration, TIBC -total iron binding capacity. Data are expressed as mean values ± SE, P-significance, N -non-significant.
Indicators
Group 1 Table 2 . Serum biochemical indicators in iron-deficient calves (group 1) in comparison to calves with optimal iron concentration (group 2).
IGF-1 -insulin like growth factor-I, Tp -total protein, Alb -albumin, Glo -globulin, A/G -albumin globulin ratio. Data are expressed as mean values ± SE, P -significance. anaemia presented a significant reduction in serum IGF-I compared to calves with optimal iron concentration on day 10. The results obtained in our study are similar to other studies that investigated metabolic and endocrine changes during iron deficiency in veal calves (Ceppi and Blum 1994; Blum and Hammon 1999; Podhorský et al. 2007 ). The IGF-I status markedly depends on energy and protein intake, as also shown in calves (Hammon and Blum 1998; Blum and Baumrucker 2002) . Considering that the calves of both groups in our study received almost equal amounts of energy and protein, differences of serum IGF-I concentrations between groups were likely not due to these factors. Furthermore, it is known that other factors may also affect the production of IGF-I. The results of our study revealed that IGF-I in the circulations very strongly correlated with iron in calves with optimal iron concentration compared to iron-deficient calves. Although the positive correlation provides no indication of cause and effect, we consider that sufficient iron is required for normal secretion of IGF-I. Indeed, in situations of iron deficiency in rats, iron is a critical determinant of IGF-I regulation (Tran et al. 2012) , and previous research has also shown that iron deficiency reduces GH-mediated IGF-I secretion (Ceppi and Blum 1994) . Nevertheless, conversely to what was observed in the iron deficiency state, parenteral administration of iron in calves during the early postnatal period resulted in a rise of serum IGF-I concentrations (Moosavian et al. 2010) . The significant reduction of serum IGF-I observed in iron-deficient calves is therefore more likely a consequence of altered iron status, indicating an important relationship between the iron status and IGF-I activity in 10-day-old calves.
In conclusion, iron deficiency in 10-day-old calves has an important impact on IGF-I concentration. Therefore, the monitoring of Fe status in newborn calves is essential not only for the achievement of good health but also for the achievement of adequate weight gain of young calves due to the involvement of the IGF system in proper utilization of consumed nutrients in the animals.
